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Abstract

Deborah A. Pravecek

A flameless atomic absorption method of determining trace
amounts of tellurium in acidic -media with sym-diphenylthiourea has
been studied.

Tellurium is extracted almost quantitatively from

4-8 M hydrochloric acid with a chloroform solution of
thiourea.

~-diphenyl

The effects of interfering ions on the extraction effi-

ciency have been studied.
have been described.

Conditions for the maximum extraction

Optimal instrument parameters for the analy-

sis of extracts have been determined.

Acknowledgements
I would like to express my appreciation to the following
people:
To Dr. Duane Matthees for his guidance and humor which
encouraged me during the research project.
To Dr. David Hilderbrand for convincing me to pursue this
degree.
To my husband, Max, and children, Shannon and Erin for
their pati€nce and understanding.
To Pam Krage for typing this thesis.

TABLE OF CONTENTS
Page
STATEMENT OF PROBLEM .

1

LITERATURE REVIEW

2

EXPERIMENTAL
Standard Tellurium Solutions .
~-Diphenylthiourea

17

..

17

Hydrochloric Acid

17

Nitric Acid

18

Perchloric Acid

18

Sulfuric Acid

18

Ch 1orofonn . . .

18

Hydrogen Peroxide

18

Samples

18

Cleaning of Glassware

19

Instrumenta 1 Parameters

19

Treatment and Analysis of Standards and Blanks .

20

Treatment and Analysis of Samples

22

RESULTS AND DISCUSSION
Instrumental Parameters

. . . .

Treatment of Standards and Blanks
Treatment of Samples .

. 26
33

....

42

Summary of Method

44

Chemical States of Tellurium During Analysis

45

Selenium and Tellurium ·cancentration Relationships .

47

TABLE OF CONTENTS (cont.)
Page

CONCLUSION

. . .

LITERATURE CITED

48
49

LIST OF FIGURES
Figure

Page

1.

Effect of Charring Temperature on Sensitivity • • •

29

2.

Effect of Atomization Temperature on Sensitivity

30

3.

Effect of Inert Gas Flow During Atomization on
Sensitivity

4.

Calibration Curve for Constant Volume with Varying
Concentrations

5.

32

. . • . • • • • . • • • • • •

34

Calibration Curve for Constant Concentration with
Va ryi ng Vo 1ume

• • • . •

6.

Effect of Nickel on Sensitivity

7.

Effect of Acid Concentration on the Extraction
of Tellurium

•••...••.

. • . .

35
37

39

LIST OF TABLES
Table
1.

Page
Results Using a Hollow Cathode Lamp or an
Electrodeless Discharge Lamp .

2.

27

Effect of Various Ions on the Extraction of
Tellurium • • • • • . . • • . • • • • .

41

1

STATEMENT OF PROBLEM
In most biological samples tellurium is found only in trace
quantities.

The necessity to determine traces of tellurium has raised

difficult problems for analysts.

The purpose of this investigation

was to develop a technique sensitive enough to detennine trace quantities of the element.
This method was based on . the techniques of solvent extraction
and flameless atomic absorption.
Solvent extraction methods have given good results when
applied to the separation of many elements.

Extraction of the tellur-

ium may result in fewer interferences because of separation from the
matrix components.

This procedure can also be used for concentration

of the analyte.
Flameless atomic absorption was chosen for the detection of
tellurium because it offers a high degree of sensitivity.

2

LITERATURE REVIEW
Tellurium, atomic number 52, is a Group VIA element.

The

only crystalline form of tellurium is silvery-white and semimetallic (1).

It is virtually insoluble in all liquids except those

with which it reacts. Jellurium frequently occurs naturally as
metal telluride (Te 2-) impurities in metal sulfide ores. It is a
by-product of copper, silver, lead and gold refining in the anodic
slime resulting from the electrolytic process (2).

Tell·urium has a

melting point of 450°C and a boiling point of l390°C (1).
When heated, tellurium burns in air to give the dioxide,
Te0 2.

Te0 2 is insoluble in water, but dissolves in strong bases

to give Teo 3= (tellurite). Acidification of this solution yields
tellurous acid, H2Te0 3. Telluric acid, Te(OH) 6 , may be prepared
by the oxidation of tellurium or Te0 2 by strong oxidizing agents,
such as H2o2 or Cr0 3 (2).
The dihydride, H2Te, is a poisonous gas formed by the action
of strong reducing agents on or the acidification of alkaline earth
tellurides.

The dihydride behaves as a very weak acid in aqueous

solution (1).
Complexes of tellurium(II), tellurium(IV) and
are known (3).

telluri~m(VI)

Tellurium(II) complexes have been found to dispro-

portionate in aqueous solutions, although some are stable in organic
solvents.

Tellu r ium(VI) is a very strong oxidizing agent, oxidizing

nearly all ligands.

Very stable oxo- and hydroxo- complexes are

formed by tellurium(VI).

Most of the analytical chemistry of
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tellurium has dealt with tellurium(IV) complexes.

These complexes

will be discussed later in this section.
Tellurium has many industrial uses.

It is used (a) as a

secondary vulcanizing agent for rubber, (b) as an oxidation inhibitor in lubricating oils (as organa- compounds) (4), (c) in cast
iron as a carbide stabilizer, (d) in alloys of lead, copper and
steel and (e) as a coloring agent in glass (5).
Industrial workers exposed to as little as 1-10 ~g Te/M 3
of air develop a garlic odor to the breath, sweat and urine (5).
This odor is due to the excretion of the volatile compound, dimethyl telluride.

Ascorbic acid has been reported to eliminate this

odor.
Rats fed large doses (375-1500 ppm) of tellurium· dioxide
exhibited growth suppression, oliguria, renal and hepatic lesions
and excessive mortality (5).
ity.

Elemental tellurium has little toxic-

Tellurite given intravenously to dogs was found to be lethal

at a dose of 0.5 g/animal.

Intramuscular injections of tellurite

were lethal at a dose of 75 mg/animal in guinea pigs.
Agnew and Cheng have shown that tellurium induced congenital
hydrocephalus in rats when the mothers were fed sub-toxic doses of
tellurite during the gestational period (6).

Their studies showed

tellurium is tightly bound to fetal and maternal soluble proteins
and is readily transported across the placental barrier.

They hypo-

thesize that the tellurium-protein complex may be a detoxification
mechanism.
The necessity to determine trace levels of tellurium in
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various samples, especially those of geological and metallurgical
origin, has led to the search for sensitive and selective methods
for the separation and determi-nation of this element.

Solvent

extraction has been used as a technique which can not only eliminate many interferences, but also concentrate the analyte.

In sol-

vent extraction procedures selectivity may be increased by control
of variables such as pH, masking agents, choice of solvent and
reagent concentration.
Tellurium has been determined by gravimetric, titrimetric,
electroanalytical and

spectrosc~pic

methods.

Of the above, UV-VIS

spectrophotometry and atomic absorption spectrophotometry have been
most widely used.
Early gravimetric methods for the determination of tellurium involved the precipitation as the element after reduction by

so 2,

hydrazine or tin(II) chloride in 1.5-5 M HCl (7).

is also precipitated under these conditions.

Selenium

Tellurium can be

determined in the presence of selenium by the precipitation of
selenium from concentrated HCl.

Tellurium remains in the filtrate

and can subsequently be precipitated after diluting the sample.
Kaushik, Vermani and Prasad have determined tellurium _and
arsenic using periodate (8).

The tellurium and arsenic ions are

reduced to the elements with sodium hypophosphite and hydrochloric
acid.

The precipitate is filtered and oxidized with metaperiodate.

Tellurium and arsenic are determined by titrating the equivalents of
iodate formed with thiophosphate.
masked with molybdate.

The excess metaperiodate is
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Most of the colorimetric methods developed for tellurium
analysis involve the formation of chelate compounds or colored
halide complexes, such as TeBr 62-. The complexes often form ionassociation systems which can be extracted into organic solvents.
Murashova and Sushkava extracted the ion-association complexes of the tellurium(IV) halides with rhodamines {9).

The sol-

vent used was a nitrobenzene-carbon tetrachloride mixture.

They

found butylrhodamine B to be the most sensitive reagent. A sensitivity of 10- 4% was reported. Indium, thallium, antimony, gold and
mercury interfere.
Donaldson reported the determination of tellurium by the
chloroform extraction of the tellurium(IV) hexabromide-diantipyrylmethane complex {10).

Interferences were reduced by the separation

of tellurium from most matrix elements by co-precipitation with
iron and extraction of the tellurium as its xanthate.

Reported

detection range was 0.0001-0.01% Te.
Vijayakumar, Ramakrishna and Aravamudan determined trace
quantities of tellurium by extraction of the ion-association complex of hexaiodotellurate(IV) and the cetyltrimethylammonium ion
into chloroform (11).

They reported a linear range of 2.5-12.5

~g

Te in 20 mls of chloroform.
Diethyldithiocarbamate has been extensively studied as a
ligand for tellurium by Bode (12).
carbamate at pH 8.5
and EDTA.

i~

He used sodium diethyldithio-

the presence of the masking agents cyanide

The tellurium diethyldithiocarbamate complex was extracted

into carbon tetrachloride.

Bismuth, mercury, silver and thallium
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were found to interfere.
Bismuthiol II reacts with tellurium(IV) at pH 3.3-4.3.
The complex can be extracted with chloroform with a high molar absorptivity (E
oxygen.

= 3.4 x 104 ). However, Bismuthiol II is sensitive to

The selenium(IV) complex also forms and is extracted into

c hl oro form ( 3) .
Thiourea forms co-ordination compounds with Te(IV) and
Te(II).

This reaction takes place in aqueous solution.

The com-·

plex can be extracted into polar solvents, but cannot be extracted
with solvents such as chlorofo.nn or carbon tetrachloride.
and Hikime found that tellurium formed a yellow complex

Yoshida

with~

diphenylthiourea in a solution of 4-9 M hydrochloric or perchloric
acid (13).
fonn.

The complex is stable and easily extracted into chloro-

This method is simple, more sensitive and suffers from fewer

interferences than the thiourea method.
10 to 100

~g

This method can determine

of tellurium.

The 2-mercapto-4,4,6-trimethyl-1H,4H-pyrimidine reacts with
tellurium in 1.3-2.5 N perchloric acid to give a yellow complex
which is not extracted into organic solvents (14). Interferences
include I-, N0 -, Cu+ 2 , Ag+, Hg+ 2, Sb+ 3 , V+ 4 , Se+4 , Os+B and thio2
urea.
Maneschi and Gallazzi determined tellurium in steels and
cast iron {15).

Tellurium was separated from the metallic matrix

by precipitation as the element with tin(II) in a hydrochloric
acid medium.

The precipitated - tellurium was then dissolved and

reprecipitated in colloidal form.

Beer's Law is valid from 0-140 119
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Te.
Another method of tellurium analysis involves the reduction
of the iron(III) complex of 1,10-phenanthroline by Te(IV) to give
a colored complex of iron(II) with 1,10-phenanthroline (16).

Inter-

ferences include Mn(II), Cu(II), Ce(III), gold, palladium, rhodium,
iridium, tin, tungsten and vanadium.
Since the introduction of atomic absorption spectrophotometry as an analytical technique, there has been much interest in
the development of sensitive methods for trace element analysis
using this tool.

Tellurium has been determined using both flame

and non-flame methods.

Although the theory behind both techniques

is similar, flameless systems are generally more sensitive than
flame systems.
In both techniques the sample is atomized, putting the
analyte in the form of atomic vapor.

A source of monochromatic

light is passed through the sample and the amount of light absorbed
is measured.

The sensitivity of atomic absorption spectroscopy is

dependent on the number of atoms in the ground state.

These ground

state atoms absorb the monochromatic radiation and are promoted to
an excited state.
In both flame and flameless systems the source of monochromatic light is usually either a hollow cathode lamp (HCL) or
an electrodeless discharge lamp (EDL).

The source is a critical

component of atomic absorption spectrometers, as it must produce
radiation of very narrow bandwidths.
The HCL consists of a cup-shaped cathode which is constructed
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from the metal of interest.

The anode material is not critical.

The cathode and anode are sealed in a tube and filled with an inert
gas at a few millimeters pressure.

The window of the tube is quartz.

Application of 100 to 200 V between the two electrodes produces a
glow discharge with most of the emission coming from the cathode.
The applied voltage causes the ionization of the inert filler gas.
The positive ions are attracted to the cathode.

As the positive ions

strike the cathode the electrons of the cathode are excited.

As they

return to the ground state they emit radiation of the appropriate
wavelength (17).
The electrodeless discharge lamp consists of a quartz bulb
with a volatile metal or metal halide cathode and filled with an
inert gas at one torr.
2-3 gigahertz.

The lamp is placed in a microwave field of

A plasma discharge results.

The radiation produced

is more intense than that from a hollow cathode lamp (18).
In flame systems the sample cell is the flame itself.

The

first event occurring upon introduction of the sample into the flame
is the evaporation of the solvent, giving particles of dry salt.
The salt is then vaporized and the gaseous molecules dissociated
to give free atoms.

These free atoms may then absorb radiation

from the source to become excited.

Anything which reduces the popu-

lation of free atoms in the flame constitutes a type of interference
(17).
Marcec, Kinson and Belcher applied the tellurium(IV)-diethyldithiocarbamate extraction procedures of Bode to the atomic absorption
analysis of steels (19).

The reported sensitivity is 1.3 ppm in
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aqueous solutions and 0.3 ppm when the complex is extracted into
amyl acetate.
Bedrossian has also developed a flame method for the determination of tellurium in steels (20).

Following dissolution of the

metal in a hydrochloric and hydrofluoric acid mixture and digestion
with hydrogen peroxide, tellurium tetraiodide is formed with KI
and extracted into trioctylphosphine oxide-methyl isobutyl ketone.
Antimony, bismuth, lead and tin are quantitatively extracted as well.
However, since these elements are normally present at low levels,
they do not cause any serious interferences.

Iron(III), however, is

a serious interferent and must be reduced to iron(II) with the use of
ascorbic acid.

This procedure detects as little as 2 ppm tellurium.

A flame atomic absorption method for the determination of
microgram amounts of tellurium in copper, lead and selenium has
been developed (21).
association complex,

This method involves the formation of the iontrioctylmethylammonium~tellurium

bromide.

This

complex is extracted into butyl acetate and aspirated into the flame.
Flameless atomic absorption techniques were developed to
increase the sensitivity of atomic absorption spectroscopy by holding
the sample atoms in the optical path for a longer period of time.
The sample cell is usually a graphite tube which is heated by electrical resistance.

The light path passes through the center of the

tube which is purged with an inert gas.
to evaporate the solvent.
sample.

First, the tube is heated

The temperature is then raised to ash the

Following ashing the temperature increases rapidly to atom-

ize the sample (22).
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Chao, Sanzolone and Hubert determined tellurium in geological materials using both flame and flameless atomic absorption techniques (23).
mixture.

The sample was dissolved in a hydrobromic acid-bromine

The tellurium bromide complexes formed were extracted into

methyl isobutyl ketone.

The organic extract was either aspirated

into the flame or pipetted into a graphite furnace.
a serious interference in both methods.

Iron(III) caused

Therefore, it was necessary

to reduce the iron(III) with ascorbic acid.

The detection limit us-

ing the flame system was approximately 0.1 ppm.

Detection limits

could be improved to the low ppb range using the flameless analysis
with a graphite tube.
Sighnolfi and Santos also determined tellurium in geochemical
samples using flameless atomic absorption spectroscopy (42}.
ed tellurium into methyl isobutyl ketone from 6 M HCl.

The tellurium

had to first be separated from iron and other interferents.
done with a cupferron-ethyl acetate pre-extraction procedure.
tellurium was extracted into the ethyl acetate.

They extract-

This was
No

The detection limit

reported was 10 ppm for a 0.5 gram sample.
A method for the separation and determination of eighteen
trace elements, including tellurium, in geological samples has been
reported {24,25).

In this method iodine complexes were extracted

into Alamine 336 (tricaprylyl tertiary amine), Aliquat 336
(tricaprylyl methyl ammonium chloride, a quaternary amine salt) and
methyl isobutyl ketone.

For the atomic absorption spectroscopy, the

organometallic-halide extracts were back-extracted under varying conditions.

This procedure separated the trace elements and also placed
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them in an aqueous medium.

Aqueous solutions are generally consid-

ered to be the ideal for flameless atomic absorption.
Britske and Sedykh compared the effects of a hydrochloric
acid and a nitric acid medium on the flameless atomic absorption
analysis of tellurium (26).

Their studies indicated that a char-

ring temperature up to 450°C can be used in the hydrochloric acid
medium, while in nitric acid the sample can be heated to 900°C to
char without any appreciable loss of tellurium.

Their suggestion

was that the lower charring temperature was necessary in hydrochloric
acid solutions due to the formation of tellurium chloride complexes
which are volatile above this temperature.

The optimal atomization

temperature was found to be 2100°C in hydrochloric acid and 2400°C
in nitric acid.

They suggested that during the atomization of tel-

lurium in hydrochloric acid the vapor contained large amounts of
Te , Te and Te . These molecules dissociate at approximately
2
4
3
2100°C. In nitric acid solutions, however, the major molecular
species are tellurium oxide molecules, which dissociate at 2400°C.
Interferences occur in both flame and non-flame systems.
However, interferences, especially those due to sample matrix, are
usually greater in flameless atomic absorption.
ferences may be divided into three groups:

The types of inter-

1) spectral, including

molecular absorption and light scattering; 2) physical, including
covolatilization of matrix components and occlusion of the analyte
in the matrix; and 3) chemical, including the formation of stable
molecules which do not atomize {27).
Background absorption is a type of spectral interference

12

that occurs when matrix components volatilize simultaneously with
the analyte.

Background absorption may be distinguished from analyte

absorption because background absorption is a broad band absorption,
whereas the analyte absorption is a very narrow spectral line.

Back-

ground absorption can be corrected for by analyzing the sample at a
nearby non-resonant wavelength or by using a background corrector (28).
The background corrector compensates for background at the
same wavelength used to measure elemental absorption.

Radiation from

the source lamp (HCL or EDL) and from a corrector lamp (a hydrogen
or deuterium lamp) are passed

~lternately

through the sample cell.

The corrector lamp emits a continuum spectra.

The analyte absorbs

only light from the source lamp, while background absorption affects
both beams equally.

When the ratio of the two beams is taken elect-

ronically, the effect of background absorption is eliminated.
Welcher, Kriege and Marks found that samples of high temperature alloys analyzed for tellurium by flameless atomic absorption had poor detection limits because of high background absorbance (29).

This absorption interference could be eliminated by use

of a background corrector.

They also found that the char cycle re-

duced the amount of background absorbance.

The char cycle reduces

background by removing many volatile matrix components.

During

charring, fluorides, nitrates and other thermally unstable compounds
are converted to oxides and carbides.

There was a decrease in sen-

sitivity at low charring temperatures due to the high volatility of
the fluoride compounds.
tellurium also occurred.

At very high charring temperatures loss of
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Kujirai~ Kobayashi~

Ide and Sudo found that in the analysis

of many heat resisting alloys the background absorbance was so high
that the background corrector over-compensated for this absorption
(30).

Therefore~

they found it necessary to reduce the background

by co-precipitation of the tellurium with arsenic.
was used as the reducing agent.

Phosphinic acid

Using this method they reduced the

background to a level which could easily be corrected.
Modification of the sample by chemical means will often
reduce the effects of background absorption and/or increase the sensitivity of analysis.

Ediger reported that the addition of a nickel

solution to a sample containing selenium resulted in greater sensitivity in the graphite furnace (31).

Volatile selenium compounds are

converted to less volatile nickel-selenium compounds.

He also re-

ported that the addition of ammonium nitrate to a sample containing
large amounts of sodium chloride improved the sensitivity.

An ex-

cess of ammonium nitrate dried in the furnace with sodium chloride
forms sodium nitrate and ammonium chloride.
as the excess ammonium

nitrate~

These

products~

as well

are easily volatilized out of the

furnace at temperatures below 500°C.
The effects of nickel on the flameless atomic absorption
analysis of tellurium were also studied by Saeed and Thomassen (32).
Phosphate matrices show a large background interference between 190250 nm.

This causes serious problems in the analysis of

antimony~ selenium~

arsenic~

tellurium and other elements with their analyti-

cal wavelengths in this region. · The interferences come from the
atomization products of phosphate
') ,. ._, q ·.': 1.)

::,

(P 2 ~

PO and PO+ ).

They proposed
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that the addition of nickel reduces the significance of phosphate
interference by reducing the formation of PO and P .
2
Many other techniques have been used to increase the sensitivity of flameless atomic absorption analyses.

Slavin and Manning

suggest the addition of a small graphite platform (L•vov Platform)
to the graphite tube will reduce matrix interferences in lead determinations (33).

The sample is deposited directly on the platform

which rests on the inner wall of the furnace.
by radiation from the graphite tube.

The platform is heated

Atomization then occurs when

the furnace has reached more nearly constant temperature.

The sample

analyte is volatilized into a gas that is hotter than the surface
from which it is volatilized.

This reduces interferences resulting

from volatility problems with some matrices.

For example, the de-

termination of lead in a chloride matrix results in decreased sensitivity because the lead chloride is volatilized as a molecule at a
temperature lower than required to decompose the compound on the
surface of the graphite tube.

This is true for other metals as well.

Sedykh, Belyaev and Sorokina added glucose, ascorbic acid
and other organic compounds to improve sensitivity in the determination of many metals (34).

Adding these organic compounds produces

free carbon in the graphite tube.

This formed carbon has a large

surface area and porosity and makes significant contributions to
the reducing properties of the furnace.

They reported the addition

of glucose decreased the tellurium signal due to the formation of
very stable tellurium carbides.
Runnels, Merryfield and Fisher improved detection limits for
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several elements by coating the inner surface of the graphite tube
with an element that forms a thermally stable carbide, such as
lanthanum or zirconium (35).

The coating prevents contact between

the sample and the carbon of the furnace.
formation by elements in the sample.

This prevents carbide

Thermal characteristics are

not altered by the coating.
Another application of atomic absorption spectroscopy involves the generation of tellurium dihydride.

The hydride is gener-

ated by adding an acidified sample to sodium borohydride.

The

gaseous hydrides may then be swept into a flame (36), or passed into
a silica tube which is mounted in a flame (37).
have been reported as low as 1.5 ppb (37).

Detection limits

Major interferences are

due to elements which can also form volatile hydrides, namely,
arsenic, antimony, bismuth, germanium, lead and selenium.

Recently,

the hydride generation technique has been applied to nondispersive
atomic fluorescence spectrometry (38).
There have been many other techniques used for the trace
determination of tellurium. As little as 10-·2 ppb tellurium in
blood was detected by von Monfort, Agterdenbos and JUtte using microwave induced emission spectroscopy (39).

The sample was dried,

ashed by microwave excited oxygen and redissolved by refluxing with
0.1 M HCl.

Tellurium was extracted into carbon tetrachloride after

chelation with diethylammonium-N,N-diethyldithiocarbamate.

The

tellurium was placed in aqueous solution by displacement with copper.
The sample was next sealed in a ·small quartz bulb and exposed to a
microwave field.

A line spectrum is limited by the sample.

The
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emission intensity is measured.
Cathode-ray polarography, using a supporting electrolyte
of 1.5 M phosphoric acid, has been reported by Maienthal and Taylor
for the determination of tellurium (40).

For levels greater than

1 ppm an anodic sweep is recommended, while cathodic sweep should
be used when tellurium levels are less than 1 ppm.

The sensitivity

is 0.1 ppm.
Burke, Yanak and Albright determined ppm quantities of
tellurium in various alloys by x-ray spectrometry (41).

After

dissolution of the sample the tellurium is separated from its
matrix by reduction with tin(II) chloride in 3-5M HCl.

There-

sulting suspension of colloidal tellurium is filtered on a millipore disk and subjected to x-ray spectroscopy.
In this investigation the diphenylthiourea method of
Yoshida was used to extract the tellurium.

This procedure was

chosen because it is fairly simple and suffers from few interferences.
After extraction, flameless atomic absorption analysis was used because of its sensitivity.
Previous work by Jung indicated the importance of selecting
the proper charring and atomization parameters in t .he determination
of tellurium by flameless atomic absorption (43).

He also indicated

that digestion of organic extracts with hydrogen peroxide and nitric
acid was preferred over digestion with nitric and perchloric acids.
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EXPERIMENTAL
The following section describes the various reagents, procedures and the instrumentation used in the investigation.

Prepara-

tion of certain reagents is also discussed.
Standard Tellurium Solutions
Tellurium standard solutions were prepared from the element
(Purified Tellurium Metal, Fisher Scientific Co.).

A 1000 1-lg ml-l

stock standard was prepared by dissolving 1.000 grams of the element
in the minimum amount of concentrated nitric acid (approximately 5
ml).

The undissolved residue was dissolved in hydrochloric acid.

The solution was diluted to 1.0 liter with deionized water.

Working

tellurium standards were obtained by the proper dilution of the stock
standard with deionized water.
Sym-Diphenylthiourea
~-diphenylthiourea,

as follows:
250 ml

Eastman Organic Chemicals, was purified

approximately 8 grams of the reagent was dissolved in

of hot ethyl alcohol.

The solution was heated to boiling and

filtered by gravity while hot.
recrystallization.

The solution was cooled on ice for

The crystals were filtered by suction and air-

dried.
A 1% (w/v) solution was prepared by dissolving 1.00 gram of
the purified reagent in 100.0 ml

of chloroform.

Hydrochloric Acid
Hydrochloric acid (HCl), Fisher Scientific Co., ACS reagent
grade, was used as provided.
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Nitric Acid
Nitric acid (HN0 3 ), Dupont Chemicals, Electronic grade,
was used as provided.
Perchloric Acid
Perchloric acid (70% HC10 4 ), Mallinckrodt Analytical Reagent, was used as provided.
Sulfuric Acid
Sulfuric acid (H 2so4 ), Fisher Scientific Co., ACS reagent
grade, was used as provided.
Chloroform
Chloroform, Matheson, Coleman and Bell, ACS reagent grade,
was used as provided.
Hydrogen Peroxide
Hydrogen peroxide (30% H2o2), Mal1inckrodt Analytical
Reagent, was used as provided.
Samples
All plant samples used in this investigation were obtained
from Drs. Oscar Olson and Ivan Palmer of the Station Biochemistry
Section of the Chemistry Department, South Dakota State University.
These samples included various species of Astragalus and other selenium-accumulating plants, as well as seleniferous wheat and wheat
containing normal selenium levels.

Samples with high levels of

selenium were chosen since it was thought they might also contain
detectable levels of tellurium.
prior to obtainment.

The samples had been finely ground

Other samples analyzed included urine specimens
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and whole blood.
Cleaning of Glassware
All glassware used was washed in an Alconox solution and
rinsed with deionized water, 4 M HCl and finally with deionized
water again.

Kjeldahl flasks were treated with boiling hydrochloric

and nitric acid before the washing process.
Instrumental Parameters
A Perkin-Elmer Model 2380 Atomic Absorption Spectrophotometer equipped with a Perkin-Elmer HGA 400 Graphite Furnace and
a deuterium arc background corrector was used for all determinations.
Peak heights were recorded using a Perkin-Elmer Model 56 recorder.
The source used was either a Perkin-Elmer tellurium electrodeless
discharge lamp or a Westinghouse high intensity tellurium hollow
cathode lamp.

The slit width was set at 0.2 nm.

The 214.2 nm.

line was utilized, as this is the most sensitive analytical line
for tellurium.

Argon was used as the inert gas.

Both pyrolytically-coated graphite and plain graphite tubes
were used to determine which type of tube gave the greater sensitivity.
Samples were introduced into the tubes with an Eppendorf
pipet.

The disposable pipet tips were reused until a loss of

precision occurred.

They were then discarded.

Drying, charring and atomizing temperatures and times were
optimized for both aqueous solutions and organic extracts.

A seven-

stage heating program was also .utilized to determine if this would
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improve the sensitivity of the analysis.
The effect of coating graphite tubes with lanthanum or
zirconium was determined.

Both pyrolytically-coated tubes and

plain graphite tubes were used.
A L'vov-type platform was constructed from a graphite tube.
Platforms were made from both pyrolytic and plain graphite tubes.
A section of graphite that was approximately 15 mm x
was cut from a tube.

~

mm x 1 mm

This platform was placed inside a second tube

so ·that solutions placed inside the tube were deposited directly onto the platform.

Instrumental · parameters for drying, charring and

atomizing were redetermined using the platforms.

The results using

plain graphite or pyrolytically-coated platforms inside plain graphite or pyrolytic graphite tubes were compared.
The effect of either reducing or interrupting the gas
flow during atomization was ascertained.

Reducing the gas flow was

accomplished by using the "mini"-flow mode of the Perkin-Elmer HGA400 Programmer during the atomization step.

The gas flow was inter-

rupted by using the "stop"-flow mode of the Programmer during the
atomization cycle.
Treatment and Analysis of Standards and Blanks
Standards were prepared by dilution of the stock tellurium
standard.
standards.

Calibration curves were prepared using these aqueous
Studies were made to determine if the signal was

dep~n

dent upon the total weight of the analyte placed in the furnace.
This was done by placing varyin·g concentrations with the same volume
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or differing volumes of the same concentration in the furnace.
Theoretically, these should give identical calibration curves.
The effects of nitric acid, hydrochloric acid or nickel on
the absorbance readings of the aqueous standards were determined.
A 1% (w/v) solution of sym-diphenylthiourea in chloroform was added
to standard solutions.
into chloroform.

The tellurium complexes fonmed were extracted

The organic extracts were pipetted into the fur-

nace, and calibration curves were prepared for organic extracts.
The aqueous phase was analyzed after extraction to determine if the
extraction was complete.
During some analyses it was noticed that blank solutions
gave a fairly large signal for tellurium.

Experiments were then

conducted to find the cause for this signal.

It was noticed that

the signal appeared when stopcocks with glass joints were freshly
greased.

Therefore, all samples were extracted using separatory

funnels equipped with Teflonap stopcocks.
The effect of layering nickel or perchloric acid on the
organic extract in the furnace was determined.

The effect of glu-

cose on sensitivity was also examined.
Different organic solvents were also used for the extraction
of the tellurium-diphenylthiourea complex.
Varying amounts of nitric acid, perchloric acid or hydrochloric acid were added to aqueous standards to determine their
effect on the extraction efficiency.

These acids were chosen as

they may be present following the digestion or preparation . of real
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samples.
Interference studies were made by adding various ions to
the tellurium standard solutions.

The solutions were then extract-

ed and percent recoveries were calculated.
were added:

The following cations

Co(II), Cu(II), Mn(II), Ni(II), Pb(II), Se(IV), Ca(II),

Bi(II), Cd(II) and Fe(III).

Salts of the acids used in the digestion

or extraction process were also added to determine if their presence
would cause an interference in either the atomic absorption analysis
or during the extraction procedure.
Standard solutions were digested with either nitric and
perchloric acids or nitric, perchloric and sulfuric acids to determine if any tellurium was lost during the digestion procedure.
After digestion the solutions were extracted into chloroform and
the organic extracts were analyzed.

The results from undigested and

digested samples were compared.
Various methods of returning the tellurium in the organic
phase to the aqueous phase were attempted.

Methods used included

digestion with either perchloric acid or hydrogen peroxide, altering the pH and displacement of the tellurium by selenium~
Treatment and Analysis of Samples
Samples were initially treated with a nitric acid predigestion.

Approximately ten gram samples were weighed.

five to one hundred ml
in a beaker.

Seventy-

of nitric acid was added to the samples

The contents were heated on a hot plate until the

evolution of the brown fumes of · No 2 ceased and the sample .
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was entirely dissolved in the remaining acid.

The solution was

then placed in a fifty or one hundred ml volumetric flask and
diluted to volume with concentrated nitric acid.
Five to ten ml aliquots of the predigested sample were
pipetted into one hundred ml micro-Kjeldahl flasks.

A boiling

chip was added and the solution was heated on a Kjeldahl rack until
approximately one-half of the original volume remained.

The Kjel-

dahl rack was used for the digestion procedure because it exhausts
the fumes through a water aspirator.

This is important when per-

chloric acid is used since explosive perchlorates may build up in
a hood exhaust system.
The samples were cooled and two ml
was added.

of 70% perchloric acid

The samples were again heated on the Kjeldahl rack un-

til the white perchloric acid fumes appeared.

If charring occurred

at this point, the samples were cooled, an additional two to four
ml

of nitric acid were added and the digestion continued.
With some samples one ml of concentrated sulfuric acid

was added along with the perchloric acid.

These samples were heated

until the perchloric acid was completely evaporated and the dense
fumes of sulfur trioxide were evolved.

Results using only perchloric

acid and perchloric acid plus sulfuric acid were compared.
Five ml

of concentrated hydrochloric acid was added to

the digest and the volume was adjusted to ten ml

with water.

Sym-

diphenylthiourea in chloroform was added and the complex was extracted into chloroform.
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The chloroform extracts were either analyzed without any
further treatment or were placed into an aqueous solution as discussed in the previous section.

Most often the organic phase was

analyzed.
The effect of washing the organic extract with 4 M hydrochloric aGid was determined.

Both the chloroform layer and the

wash were analyzed.
Extraction efficiency was measured by recovery studies.
Known amounts of tellurium were added to samples.
recoveries were calculated after analysis.
additions was also utilized.

The percent

The method of standard

In this procedure equal quantities

of the sample are added to a series of standards containing known
and varying quantities of the analyte.
versus absorbance is made.

A plot of added analyte

The amount of analyte present in the

original sample can be determined by extrapolation to the x-axis.
Since selenium also reacts with

~-diphenylthiourea,

attempts were made to separate the selenium before extracting the
tellurium.

This was done by reacting the selenium with 2,3-diamino-

naphthalene to give the piazoselenol.

The piazoselenol was then

extracted into cyclohexane.
The effects of adding EDTA as a masking agent were determined.

Pre-extraction with cupferron was also attempted.

ferronates formed were extracted into ethyl acetate.

The cup-

These proce-

dures were done to minimize interferences and improve the extraction
efficiency.
Samples were also analyzed using varying amounts of
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~-diphenylthiourea.

This was done to determine the amount of the

reagent required to give the most complete extraction.
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RESULTS AND DISCUSSION
The results of the experimental procedures described above
are presented in this section.

The optimum instrumental parameters

and conditions for the analysis are discussed.

Conditions for maxi-

mum extraction efficiency are also discussed.

Conclusions drawn from

the experimental procedures are presented.
Instrumental Parameters
It was found that there was little difference in the absorbance readings of aqueous standards using either a hollow cathode
lamp or an electrodeless discharge lamp as the source.
sults are compiled in Table 1.

These re-

However, the electrodeless discharge

lamp exhibited a less "noisy .. baseline.

Thus, it would be advan-

tageous to use the electrodeless discharge lamp when analyzing samples with tellurium levels close to the detection limit of the instrument.

A disadvantage to the use of the electrodeless discharge

lamp is the relatively long warm-up period required.

The hollow

cathode lamp must be allowed to warm-up approximately 5-10 minutes
before use.

The electrodeless discharge lamp was found to have a

warm-up period of 25-35 minutes.
There was no noticeable difference when aqueous standards
were analyzed in pyrolytically-coated or plain graphite tubes.

How-

ever, when organic extracts were analyzed, it was found that precision
was degraded in pyrolytically-coated tubes.

A possible explanation

for this lack of precision is the degradation of the pyrolytic coating on the interior of the tube when organic solvents are present.
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Table 1:

Results Using Hollow Cathode Lamp (HCL) and Electrodeless
Discharge Lamp (EDL) - gas flow continuous

Amount of
Tellurium

Absorbance
HCL

Absorbance
EDL

10 ng

• 123

.119

8 ng

• 100

. 104

4 ng

.052

• 049

2 ng

.028

• 031

1 ng

• 010

• 014
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From these experiments it was concluded that there was no advantage
in the use of pyrolytically-coated tubes, especially when analyzing
the organic extracts.
Furnace parameters were optimized for both aqueous standards
and organic extracts.

Aqueous standards were dried at 120°C for 1

second per p£ of sample introduced.
500°C for 25 seconds.
seconds.

The charring cycle was set at

The samples were atomized at 2700°C for 7

When organic extracts were analyzed, the same parameters.

were used with the exception of drying times and temperatures.
this case a two step drying cycle was used.
ially dried at 80°C for 1 second per

].12

The samples were init-

of sample.

was then increased to 120°C for 1 second per

In

~t

The temperature

of sample.

The

effects of charring temperature on the analyte signal are shown in
Figure 1.

Figure 2 shows the effects of atomization temperature on

sensitivity.
During the analysis of some samples with a high background
absorbance, the charring temperature was increased to 700°C.

This

reduced the amount of background to a lower level without any loss
of tellurium through volatilization.
A ramp atomization of 10 seconds was attempted.

Ramp atomi-

zation gave low readings for all samples.
A seven step program for the drying and charring cycles was
tried.

In this program maximum power for the atomization cycle was

used.

This procedure showed no improvement over the three step pro-

gram as described above.
When graphite tubes were coated with lanthanum, the precision
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Figure 1:

Effect of Charring Temperature on Sensitivity
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Figure 2:

Effect of Atomization Temperature on Sensitivity
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of the analyte signal was degraded.
when a coating was applied.

The peaks obtained were smaller

The peaks appeared to get smaller and

broader each time the tube was used.

Multiple peaks were often ob-

The broadness of the peaks indicated that atomization of

served.

the tellurium was occurring at a slower rate in lanthanum coated
tubes.

Multiplicity of peaks could be an indication that the analyte

was present as different species and each species was being atomized '
at a different rate.

The multiple peaks may also be due to back-

ground absorbance caused by volatilization of matrix components.
The characteristics of t-he signal obtained when a L'vov
platform was used were largely dependent on the material from which
the tube was constructed, i.e. pyrolytically-coated graphite or plain
graphite.

In no case did

signal occur.
were used.

~

significant improvement of the absorbance

Precision was difficult to obtain when these platforms

Since the platforms are heated largely by radiation from

the furnace tube, they also do not cool down as rapidly as the furnace does.

Therefore, it was necessary to wait for a considerable

period of time before introducing the next sample into the tube.

If

a sample is introduced while the platform is still hot, much of it
may be lost due to splattering or volatilization.

This would lead to

a loss of precision.
By interrupting or reducing the inert gas flow during atomization, the sensitivity was increased.
Figure 3.

These results are shown in

It was noticed that background absorption was higher when

the inert gas flow was interrupted.

Since the gas flow is discon-

tinued approximately five seconds before atomization, the interferences
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Figure 3:

Effect of Inert Gas Flow During Atomization on Sensitivity
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were not being swept completely out of the tube prior to atomization.
This led to high background absorption.

In all but a few cases the

background was easily compensated for by the background corrector.
The background absorbance was greater when organic extracts were
introduced into the furnace.
Treatment of Standards and Blanks
To determine if absorbance readings were dependent on the
total weight of tellurium placed in the furnace, two different calibration curves were prepared.

Figure 4 shows the calibration curve

obtained when equal volumes of a· series of standards are used.

Fig-

ure 5 shows the curve obtained when different volumes of a single
standard are analyzed.

The graph obtained when equal volumes Gf a

series of standards are used (Figure 4) is more linear than the
calibration curve obtained when different volumes of the same standard are used (Figure 5).

Therefore, it was concluded that the

calibration curve should be constructed using equal volumes of a
series of standards.

In the analysis of unknowns the same volume

of sample should be placed into the furnace.

The non-linear cali-

bration curve obtained when varying volumes are used may be due to
differences between the Eppendorf pi.pets used.

A different Eppen-

dorf pipet is required for each volume dispensed.

Slight differences

in the accuracy of each pipet may occur, especially after prolonged
us~.

This may tend to make the calibration curve non-linear.

If

the same pipet were used for all samples linearity should not be
affected.
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Figure 4:

Calibration Curve for Constant Volume With Varying
Concentration
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Figure 5:

Calibration Curve for Constant Concentration with
Varying Volume
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The effect of adding a nickel solution to the standards
is shown in Figure 6.

The same absorbance readings were obtained

for nickel concentrations ranging from 20 ppm - 500 ppm.

As can be

seen from Figure 6, the sensitivity was increased in those standards
containing nickel.

The nickel is a matrix modifier which acts by

converting the tellurium to a less volatile form, presumably a nickel
telluride.
Aqueous standards were prepared with varying concentrations
of either nitric acid or hydrochloric acid.
the acid ranged from 0-4%.

The concentration of

No sjgnificant .difference was seen in

the absorbance readings for any of these standards.
Calibration curves were prepared using the organic extracts
obtained after the extraction of tellurium.

The calibration curves

obtained for aqueous standards were compared to curves using organic
extracts.

There was no difference between these calibration curves.

From this it was concluded that the tellurium was all extracted and
the organic matrix did not cause a reduction in the absorbance signal.
The aqueous layer after extraction with chloroform was also
analyzed.

No absorbance signal resulted.

This confirmed the con-

clusion that the tellurium was essentially 100% extracted.
Nickel was also found to increase the sensitivity of the
analysis when chloroform extracts were analyzed.

In addition to the

increased sensitivity, background absorbance was decreased.

Without

the addition of nickel a large ne.g ative deflection occurred.

This

was caused by the over-compensation of the background corrector due
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Figure 6:

Effect of Nickel on Sensitivity (gas flow continuous)
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to high background absorbance.

These negative deflections were

eliminated by the addition of a nickel solution.

At this time there

is no explanation for the reduction in background absorbance by
nickel.
The effect of adding a 4% perchloric acid solution to the
chloroform extract in the furnace was determined.

When perchloric

acid alone was added to the organic solution, an increase in sensitivity resulted.
nickel however.

The effect was not as great as the addition of
The addition of perchloric acid and nickel increased

the absorbance signal as well.

The resulting signal was greater

than perchloric acid alone but less than nickel alone.

This would

indicate that perchloric acid aids in the reduction of background
absorbance but causes a decrease in the analyte absorbance signal.
No increase or decrease in the sensitivity was seen with
the addition of a 1% glucose solution.
Other organic solvents used in the extraction of the tellurium-diphenylthiourea complex included toluene, dichloromethane and
methyl isobutyl ketone.

In all cases the extraction efficiency was

less than that of chloroform or the atomization signal was decreased.
Thus, chloroform was used for the extraction of all standards and
blanks.
It was determined that the type and concentration of acid
present in the sample solution affected the extraction of tellurium.
These results are shown in Figure 7.

Absorbance readings were highest

when tellurium was extracted from· a hydrochloric acid medium.
presence of nitric acid inhibited the extraction.

The

As little as 2.5%
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Figure 7:

Effect of Acid Concentration on the Extraction of
Tellurium

• 10

QJ

u

s:::::

~
S-

.05

o(/)

..c

<(

10

20

30

% Acid

Key:

A = HCl alone
B

= HC10 3 alone

C = HN0 3 + 50% HCl

40

50

60

40

nitric acid decreased the extraction by 50%.

Thus, all nitric acid

must be removed from the solution before extraction.
Results obtained from interference studies are presented in
Table 2.

Large amounts of copper(II) and selenium interfere with

the extraction of tellurium.

Selenium formed a yellow complex, which

is extractable into chloroform, with the

This

~-diphenylthiourea.

causes a serious interference in the colorimetric analysis but the
interference is not as severe in atomic absorption ·analysis.
anions tested, only the nitrate ion interfered.

Of the

This further supports

the conclusion that nitric acid must not be present during the extraction of tellurium.
When standards were digested and subjected to the extraction
procedure, 98

~

9% of the tellurium was recovered.

It was concluded

that no tellurium was lost during digestion.
When the chloroform extracts were digested with nitric acid
and perchloric acid and diluted to volume with water, the absorbance
readings were decreased by 50-70%.

This supports the conclusion that

perchloric acid decreases the absorbance signal.

Since the aqueous

solution after extraction gave no absorbance reading, it can be assumed that all of the tellurium had been extracted.

Since no tellur-

ium was lost during the digestion process, the depression of the signal must be caused by the ·perchloric acid.
Nitric acid and 30% hydrogen peroxide were also used to
digest the chloroform extracts.
was diluted to volume with
would dissolve.

After the digestion the residue

deioni~ed

water.

Not all of the residue

The insoluble material was separated from the
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Table 2:

Ion

Effect of Various Ions on the Extraction of Tellurium
Amount Added
(per 5 ml Aliquot)

% Te Extracted

Bi(III)

10 mg

94%

Cd(II)

10 mg

88%

Ca(II)

10 mg

94%

Co( II)

10 mg

96%

Cu(II)

10 mg

33%

Cu(II)

5 mg

44%

Cu (I I)

1 mg

78%

Fe(III)

10 mg

i 07%

Mn(II)

10 mg

99%

Ni{_II)

10 mg

99%

Pb(II)

10 mg

100%

Se(IV)

10 mg

49%

Se(IV)

5 mg

71%

Se(IV)

1 mg

77%

Zn (_I I)

10 mg

102%

C1

100 mg

106%

C10 4

100 mg

109%

so4- 2

100 mg

95%

N0 3

100 mg

56%
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solution by centrifugation.

Analysis of this solution gave absor-

bance readings that were the same as absorbance readings for aqueous
standards of the same concentration.

This proved that all the tell-

urium was being extracted and that the insoluble matter contained
no tellurium.
Tellurium was back-extracted into a variety of aqueous solutions.

It was found that 48% of the tellurium was extracted into

a 10% NH 40H solution and 40% of the tellurium was extracted into a
1 N NaOH solution. During the atomization of these basic back-extracts,
a flame was observed coming from the graphite tube.
neutralized in an attempt to eliminate the flame.
could not be eliminated.

The solutions were
However, the flame

There is no explanation for this occurrence.

Thirty percent of the telluri_um was extracted into a 20ppm
nickel solution, 19% of the tellurium was extracted into a solution
that was 20 ppm nickel and 0.1 N hydrochloric acid and 32% of the
tellurium was extracted into a solution that was 10% selenium and
50% hydrochloric acid.
Treatment of Samples
Samples digested with nitric acid and perchloric acid only
often contained a large amount of insoluble material.

It was found

that those samples containing large amounts of insoluble material
gave erratic results when extracted.
When sulfuric acid was added to the digestion mixture, the
quantity of undissolved material was reduced considerably.
samples gave more consistent results during analysis.

These

It was thus

considered advantageous to use sulfuric acid in the digestion of the
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samples.
Samples which were spiked with a known quantity of tellurium
generally gave absorbance readings that were lower than the same
quantity of standard.

When the chloroform extracts were digested to

place them in an aqueous solution, it was found that the same absorbance reading was obtained.

This indicated that the lower absorbance

readings were due to the incomplete extraction of tellurium.

The

lower extraction efficiency was probably due to the complex nature of
the sample as compared to standard solutions.
Washing the chloroform extracts with 4 M HCl reduced the
background absorbance of the chloroform extracts.

The wash did not

lower the absorbance readings of the extracts.
The percent tellurium recovered from spiked samples was
dependent on the relative amounts of selenium present in the sample.
Samples containing small amounts of selenium (e.g. urine or wheat
containing normal levels of selenium) gave a percent recovery ranging
from 74-96%.

Samples containing moderate levels of selenium,

such as seleniferous wheat, gave recoveries of 73-77%.

High sel-

enium containing samples gave recoveries of 60-76%.
Since percent recoveries were low it was determined that· the
method of standard additions should be used.
the standard additions method were linear.

The graphs obtained with
The linearity of the graphs

indicated that although the extraction of tellurium was not complete,
the percent extraction was a constant for each sample.
In an attempt to improve the extraction efficiency, the selenium was pre-extracted from the sample prior to the extraction of
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tellurium.

This procedure increased the time required for the analy-

sis and did not improve the results obtained significantly.

There-

fore, the selenium was not removed in the majority of the samples
analyzed.
The amount of tellurium extracted was not affected by the
addition of EDTA as a masking agent.

However, the presence of EDTA

lowered the background absorbance of the samples.

This was indicated

by the observation that samples extracted in the presence of EDTA did
not show a negative deflection prior to the analyte signal.
discussed above, this negative

si~nal

As was

was due to the over-compensation

of the background corrector when the background is high.
The pre-extraction of the sample using a cupferron-ethyl
acetate extraction procedure did not improve the absorbance signal.
It was found -that ten ml

of a 2% (w/v) solution of

~-di

phenylthiourea was necessary for maximum extraction when samples were
analyzed.

For the extraction of aqueous standards the concentration

of the chelating agent could be reduced by one-half or more.
Summary of Method
Approximately ten grams of the sample are weighed.

Nitric

acid is added and the solution is heated until the evolution of brown
fumes has ceased.

The solution is diluted to fifty ml

with nitric

acid.
Five ml aliquots of the pre-digested sample are pipetted into
micro-Kjeldahl flasks.

Known quantities of standard tellurium solution

are added to a series of the aliquots.
main unspiked.

One sample aliquot should re-
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Two ml

of perchloric acid and one ml of sulfuric acid are

added to the flasks.

Samples are digested until the perchloric acid

has evaporated and fumes nf sulfur trioxide appear.
After cooling, three ml
flasks.

of 0.1% EDTA is added to the

The volume is made to five ml

with water and five ml

of

concentrated hydrochloric acid are added.
Ten ml
is added.

of a 2% sym-diphenylthiourea in chloroform solution

The mixture is shaken vigorously for one minute in a

separatory funnel.

The phases are allowed to separate.

layer is saved and washed with approximately ten ml
Ten to fifty

p~

Twenty pi of a 1000 ppm Ni(II) solution

pipetted into the furnace as well.

should be used:

of 4 M HCl.

aliquots of the chloroform layer are pipetted

into the graphite furnace.
is

The organic

The following parameters

Step 1 (drying cycle) - 80°C; Step 2 (drying cycle) -

120°C; Step 3 (charring cycle) - 500°C, 25 sec; Step 4 (atomizing
cycle) - 2700°C, 7 sec.

If anticipated tellurium levels are high .

the inert gas should be allowed to flow during atomization.
levels of tellurium the gas flow must be interrupted.

For low

The background

corrector must be used throughout the analysis.
Chemical States of Tellurium During Analysis
It has been reported that the complex formed between tellurium
and thiourea (tu) in an acidic medium has the composition Te(tu) 4x2,
where X is the anion of the acid in which the complex formed (3).
It was assumed that the tellurium-diphenylthiourea complex has a
similar composition.
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During the atomic absorption procedure the tellurium can
exist in several states.
is being evaporated.

During the drying steps only the solvent

Therefore, the tellurium should still remain as

the complex.
Following the charring step several states of tellurium may
exist.

The possibilities are:
(1)

Elemental tellurium may have been produced during the
decomposition of the complex.

(2)

The elemental tellurium may form a stable carbide by
reacting with the carbon of the furnace.

(3)

The complex may remain intact if it has sufficient
thennal stability.

Since the use of pyrolytically-coated graphite tubes or lanthanum-coated tubes, which separate the analyte from the carbon surface, did not improve the sensitivity of the analysis, it was concluded that the tellurium was present either as the element or as the
complex.

Further evidence for this conclusion was based on the fact

that the addition of a glucose solution to the furnace did not decrease sensitivity.

During the charring cycle glucose was converted

to free carbon which would be available for carbide fonnation.

-If

carbide formation occurred, the carbide would presumably be very
stable and a reduction in sensitivity would result.
It was also concluded that the amount of

ele~ental

tellurium

produced during the decomposition of the complex was minimal.

For

elemental tellurium to form it must be reduced, presumably by the
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carbon of the graphite tube.

The addition of glucose produces free

carbon and should increase the reducing properties of the furnace and
thus increase the sensitivity.

However, absorbance readings were the

same with or without the glucose solution.
Selenium and Tellurium Concentration Relationships
A series of samples containing high levels of selenium were
analyzed over a period of three to four weeks.
samples gave any detectable amount of tellurium.
of Astragalus bisulcatus.

Only one of these
This was a sample

The signal obtained was close to the de-

tection limit of the instrument.

The concentration level in this

sample was found to be 63 + 42 ppb Te.

From this study it was con-

cluded that there is not an evident relationship between high selenium levels and high tellurium levels in botanical samples.
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CONCLUSION
A method for the determination of tellurium has been investigated.

The extraction efficiency for aqueous standards has been

shown to be approximately 100%.

Optimum acid concentration was found

to be 4-8 M HCl with a minimum extraction time of one minute.
The sensitivity of the analysis was 0.02 ng for 1% A (.0044
absorbance).

The detection limit was 0.06 ng.

Detection limit is

defined as the concentration necessary to give a signal-to-noise
ratio of 2.

For a one gram sample extracted into ten ml of chloro..

form this would give a concentration of twelve ppb tellurium if fifty
pi

of extract were analyzed.

The detection limit can be improved

by

increasing the amount of sample, decreasing· the extraction volume

or increasing the amount of extract analyzed.
Further investigation could be made in improvement of the
extraction efficiencies for samples which contain large amounts of
seleniwn.
Only one sample of Astragalus analyzed contained any measureable amount of tellurium (63 ppb)..

Tellurium in all other samples

analyzed was present at levels which were below the detection limits
of this procedure.

49
LITERATURE CITED
1.

Boltz, David F. and James A. Howell, Eds., "Colorimetric
Determination of Nonmetals," 2nd Ed., John Wiley and Sons, New
York, N.Y., 1978, pp. 371-419.

2.

Cotton, F. Albert and Geoffrey Wilkinson, "Advanced Inorganic
Chemistry," 4th Ed., John Wiley and Sons, New York, N. Y·. , 1980,
pp. 502-541.
~,

3.

Havezov, I. and N. Jordanov, Talanta,

1013-1024 (1974).

4.

Bagnell, K.W., "Comprehensive Inorganic Chemistry," Vol. 12,
Pergamon Press, Oxford, England, 1973, pp. 935-1008.

5.

Schroeder, Henry A., Jeffrey Buckman and Joseph Balassa, J.
Chron. Dis., 20,147-161 (1967).

6.

Agnew, William F. and Jung Ta Cheng, Toxicol.

~·

Pharmacal.,

20, 346-356 (1971).
7.

William, W. John, "Handbook of Anion Determination," Butterworth
and Co. Ltd., London, England, 1979, pp. 213-224.

8.

Kaushik, R.L., O.P. Vermani and R. Prasad,

i· Indian Chern., 56,

967-968 (1979).
9.

Murashova, V.I. and S.G. Sushkova,

~-

Anal. Chern. (U.S.S.R.), 24,

572-583 (1968).
10.

Donaldson, Elsie M., Talanta, 23, 823-827 (1976).

11.

Vijayakumar, M., T.V. Ramakrishna and G. Aravamudan, Talanta,
~,

323-325 (1979).

I· Anal. Chern., 144, 90 (1955}.

12.

Bode, H.,

13.

Yoshida, H. and S. Hikime, Talanta, }l, 1349-1355 (1964).

50

14.

Singh, Ajai K. and R. P.

~ingh,

Indian J. Chern., 15A, 257-258

(1977).
15.

Maneschi,

s. and C. Gallazzi, Anal. Chim. Acta, 54, 461-467

( 1971 ) .
16.

Ingamells, C.O. and E.B. Sandell, Microchem. i·' l, 3-12 (1959).

17.

Olson, Eugene D., "Modern Optical Methods of Analysis, .. McGrawHill Co., New York; N.Y., 1975, pp. 277-314.

18.

Mansfield, J.M. Jr., M.P. Bratze1, Jr., H.O. Norgarden, D.O.
Knapp, K.E. Zacha and J.D. Wineforder, Spectrochim. Acta, 23B,
389-402 ( 1968) .

19.

Marcec, M.V., K. Kinson and C.B. Belcher, Anal. Chim. Acta,

!L,

447-451 (1968).
20.

Bedrossian, Michael, Anal. Chern., 50, 1898-1899 (1978).

21.

Tsukahara, Iwao and Toshimi Yamanaoto, Talanta, 28, 585-589
( 1981 ) .

22.

Willard, H.H., L.L. Merrit and J.A. Dean, "Instrumental Methods
of Analysis, .. 5th Ed., D. Van Nostrand Co., New York, N.Y.,
1974, pp. 350-359.

23.

Chao, T.T., R.F. Sanzolone and A.E. Hubert, Anal. Chim. Acta,
96, 251-257 (1978).

24.

Clark, J. Robert and John G. Viets, Anal. Chern., 53, 61-65 (1981).

25.

Clark, J. Robert and John G. Viets, Anal.

26.

Britske, M.E. and E.M. Sedykh,
251-255 (1978).

~·

Chern.,~,

65-70 (1981).

Anal. Chern. (U.S.S.R.), 33,

51 .

27.

Kaiser, M.L., S.R. Koirtyohann, E.J.

Hinderbe~ger

and H.E. Taylor,

Spectrochim Acta, 368, 773-783 (1981).
28.

HGA-400 Graphite Furnace Manual, Perkin-Elmer Corp., Norwalk,
Conn . , 1980 .

29.

Welcher, G.G., O.H. Kriege and J.Y. Marks, Anal. Chern., 46,
1227-1231 (1974).

30.

Kujirai, Osamu, Takeshi Kobayashi, Kunikazu Ide and Emiko Sudo,
Talanta, 29, 27-30 (1982).

..!.!, 127-130 (1975).

31.

Ediger, Richard D., At. Absorpt. Newsl.,

32.

Saeed, K. andY. Thomassen, Anal. Chim. Acta, 130, 281-287
(1981).

33.

Slavin, Walter and D.C. Manning, Anal. Chern.,.?_!_, 261-265 (1979).

34.

Sedykh, E.M., Yu. I. Belyaev and E.V. Sorokina,

~-

Anal. Chern.

(U.S.S.R.), 35, 1523-1529 (1980).
35.

Runnels, John H., Ruth Merryfield and Henry B. Fisher, Anal.
Chern., 47, 1258-1263 (1975).

36.

Fiorino, J.A., Anal. Chern., 48, 120-125 (1976).

37.

Thompson, K.C. and D.R. Thomerson, Analyst, 99, 595-601 (1974).

38.

Nakahara, J., T. Wakisaka and S. Musha, Spectrochim. Acta, 36B,
661-670 (1981).

39.

Von Montfort, R.F.E., Jacob Agterdenbos and BAHG JUtte, Anal.
Chern.,.?_!_, 1553-1557 (1979).

40.

Maienthal, E. June and John K. Taylor, Anal. Chern., 39, 15161519 (1969).

41.

Burke, Keith E., M.M. Yanak and C.H. Albright, Anal. Chern., 37,
14-18 (1967).

52

52.

Sighinolfi, G. Paulo and Adelaide M. Santos, Talanta, 26, 143145 (1979).

53.

Jung, Jeffrey D., M.S. Thesis, South Dakota State University,
Brookings, S.D., 57007, 1979.

